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ABSTRACT
We estimate the conventional astrophysical emission from dwarf spheroidal satellite galaxies (dSphs)
of the Milky Way, focusing on millisecond pulsars (MSPs), and evaluate the potential for confusion
with dark matter (DM) annihilation signatures at GeV energies. In low-density stellar environments,
such as dSphs, the abundance of MSPs is expected to be proportional to stellar mass. Accordingly, we
construct the γ-ray luminosity function of MSPs in the Milky Way disk, where > 90 individual MSPs
have been detected with the Fermi Large Area Telescope (LAT), and scale this luminosity function
to the stellar masses of 30 dSphs to estimate the cumulative emission from their MSP populations.
We predict that MSPs within the highest stellar mass dSphs, Fornax and Sculptor, produce a γ-ray
flux > 500 MeV of ∼ 10−11 ph cm−2 s−1, which is a factor ∼ 10 below the current LAT sensitivity
at high Galactic latitudes. The MSP emission in ultra-faint dSphs, including targets with the largest
J-factors, is typically several orders of magnitude lower, suggesting that these targets will remain
clean targets for indirect DM searches in the foreseeable future. For a DM particle of mass 25 GeV
annihilating to b quarks at the thermal relic cross section (consistent with DM interpretations of the
Galactic Center excess), we find that the expected γ-ray emission due to DM exceeds that of MSPs
in all of the target dSphs. Using the same Milky Way MSP population model, we also estimate the
Galactic foreground MSP coincidence probability along the same sightlines to the dSphs.
Subject headings: Local Group — pulsars: general — dark matter
1. INTRODUCTION
Searches for the annihilation products of dark mat-
ter (DM) are now testing significant portions of the the-
oretically motivated parameter space for weakly inter-
acting massive particles. The rapid progress of indirect
DM searches can be attributed to a large number of as-
trophysical probes that have become available over the
last decade (reviewed by Gaskins 2016). Among these,
the Large Area Telescope (LAT) on board Fermi has
played a vital role due to its full-sky coverage, sensitivity,
and energy range relevant for DM searches at the elec-
troweak scale. LAT data have been used for numerous
DM searches involving a variety of astrophysical objects,
including dwarf spheroidal satellite galaxies (dSphs) of
the Milky Way (MW).
dSphs are especially promising targets for indirect DM
searches due to their (1) substantial DM content (e.g.,
Mateo 1998; Simon & Geha 2007) and proximity, (2)
distribution over a range of Galactic latitudes, includ-
ing regions with low diffuse foreground emission, and (3)
dearth of non-thermal production mechanisms. No γ-
ray signal has been conclusively associated with dSphs,
either individually or as a population, and the corre-
sponding upper limits have been used to set competitive
constraints on DM annihilation (summarized by Charles
et al. 2016). For example, a joint analysis of 15 dSphs
with 6 years of LAT data excluded DM particles anni-
hilating at the canonical thermal relic cross section in
some annihilation channels for DM masses up to 100 GeV
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(Ackermann et al. 2015).
Although the non-DM γ-ray emission from dSphs is
expected to be low, no empirical measurement and few
quantitative estimates for this contribution have been
previously available. dSphs have old stellar populations
(e.g., Brown et al. 2012; Weisz et al. 2014) and low gas
content (Grcevich & Putman 2009; Spekkens et al. 2014),
and therefore contain few sites for non-thermal radiation
from cosmic-ray (CR) interactions. However, their an-
cient stellar populations might include small populations
of γ-ray-emitting millisecond pulsars (MSPs), which have
characteristic ages of several Gyr based upon their mea-
sured spin periods and period derivatives (τ ≡ P/2P˙ ).
MSPs are luminous sources that account for nearly half
of LAT-detected pulsars. In addition, 25 MW globu-
lar clusters, which have similar-age stellar populations
to dSphs, have been detected by the collective emission
of their MSP populations (Abdo et al. 2010; Hooper &
Linden 2016).
MSPs exhibit hard spectral indices ∼ 1.5 and spectral
cut-offs around 3 GeV (Abdo et al. 2013; Cholis et al.
2014). As a consequence, their intensity peaks in the
GeV range, where the LAT sensitivity is highest. The
characteristic spectral shape of MSPs is also similar to
that of the Galactic Center excess, and many authors
have investigated the contribution of MSPs to that sig-
nal (e.g., Abazajian & Kaplinghat 2012; Brandt & Koc-
sis 2015; Bartels et al. 2016; Lee et al. 2016; Hooper &
Mohlabeng 2016). In this Letter, we estimate the conven-
tional astrophysical emission intrinsic to dSphs, focusing
on MSPs, and evaluate the potential for confusion with
DM annihilation signatures at GeV energies.
2. MSP FORMATION MECHANISMS AND THE ADOPTED
STRATEGY
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MSPs are neutron stars that have been spun up to mil-
lisecond spin periods via mass accretion from a binary
companion (Alpar et al. 1982). Different MSP formation
mechanisms are thought to dominate in various stellar
environments. The classic “primordial” channel begins
with a close stellar binary born from a single gas cloud
with an extreme mass ratio between the two stars. These
binary systems remain bound after the supernova explo-
sion of the more massive star. In a later phase, during
mass transfer from the companion star to the neutron
star, the binary becomes visible as a low-mass X-ray bi-
nary (LMXB), and eventually as a MSP accompanied
by a low-mass white dwarf (Portegies Zwart et al. 2011).
For dense systems with high stellar encounter rates, the
MSP formation rate is increased by an additional mech-
anism: the gravitational capture of neutron stars into
binary systems (Davies & Hansen 1998). This “dynami-
cal” channel is expected to dominate in globular clusters
(Hui et al. 2010).
In galaxy disks, the number of LMXBs scales linearly
with stellar mass of the host galaxy (Gilfanov 2004), sug-
gesting that primordial formation is dominant. dSphs
also have low-density stellar environments, and therefore,
it is likely that most LMXBs in dSphs have a primordial
origin. While any direct comparison between the number
of LMXBs and MSPs is uncertain, due to the different
lifetimes of these two evolutionary stages, it is reason-
able to expect the population of field MSPs to scale with
stellar mass of the host galaxy if it does so for the progen-
itor systems. Thus far, Maccarone et al. (2005) detected
five LMXBs in a deep Chandra survey of the Sculptor
dSph, implying that MSPs may also be present. No pul-
sars have been found yet in Ursa Minor, Draco, or Leo I
with searches at 350 MHz using the Green Bank Radio
Telescope (Rubio-Herrera & Maccarone 2013).
Our strategy to predict the γ-ray emission of MSPs in
dSphs will be the following. First, we construct the γ-ray
luminosity function (LF) of MSPs in the MW disk (Sec-
tion 3). Second, we scale this LF from the stellar mass
of the MW to the stellar masses of dSphs and compute
the cumulative emission of the MSP population (Sec-
tion 4). This approach should yield upper limits on the
MSP emission because it implicitly assumes that MSPs
formed within dSphs do not escape, and that the ages of
MSPs in the MW disk and dSphs are similar.
2.1. Neutron Star Escape
Neutron stars receive a “kick” in the supernova events
in which they originate. Predicted kick velocity dis-
tributions vary widely in the literature: Hooper et al.
(2013) and Cordes & Chernoff (1997, for long lived
MSPs) find 10–50 km s−1, Hobbs et al. (2005) and
Toscano et al. (1999) find ∼ 85± 13 km s−1, while Lyne
et al. (1998) find a higher velocity range ∼ 130 ± 30
km s−1. If unbound, MSPs would leave these systems
in tesc ∼ 108(R/1 kpc)(10 kms−1/vkick) yr, i.e., much
shorter than the typical stellar ages of dSphs. The kick-
velocity estimates above are larger than the typical stel-
lar velocity dispersion of dSphs, ∼ 10 km s−1 in dSphs
(McConnachie 2012), but are comparable to the escape
velocity. In particular, the enclosed masses of classical
dwarfs within 600 pc from the center are (2–7)×107 M
(Walker et al. 2007), corresponding to an escape velocity
vesc =
√
2GM600/r600 ∼ 30 km s−1 ∼ vkick. This sug-
gests that a fraction of MSPs should be retained within
the virial radii of dSphs, which are assumed to be at kpc
distances with a contained mass of ∼ 108−9 M (see also
the calculations of Dehnen & King 2006).5
An MSP orbiting at 600 pc from the center of a dSph
located 80 kpc away would span an apparent 0.◦4 angular
size, which is within the 95% confinement radius of LAT
Pass8 FRONT events at 2 GeV.6 Depending on the dis-
tance to a given dSph and the photon event class used for
the analysis, a slight signal extension might be present.
2.2. Stellar Population Comparison
Star formation in most MW dSphs ended several Gyr
ago (e.g., Brown et al. 2012; Weisz et al. 2014), whereas
the MW disk remains active. The formation of LMXBs,
and accordingly MSPs, is thought to peak most strongly
in the first 0.5 Gyr after star formation (Fragos et al.
2008), suggesting that MSPs in dSphs are potentially
older and less luminous (Hooper & Linden 2016) than
the average Galactic MSP.
However, other factors might increase the MSP popu-
lation in dSphs. Neutron star production could be en-
hanced in low metallicity systems relative to the Galactic
field by ∼ 20% (Ivanova et al. 2008). Also, two dSphs
host their own globular clusters: five in Fornax (de Boer
& Fraser 2016) and one in Eridanus II (Crnojevic´ et al.
2016). The abundance of MSPs might be higher in these
systems due to more frequent stellar encounters.
3. DERIVATION OF A STELLAR-MASS-NORMALIZED MSP
LUMINOSITY FUNCTION
3.1. MSP Sample
Our pulsar sample consists primarily of MSPs in the
Second LAT Pulsar Catalog (2PC; Abdo et al. 2013),
although all LAT-detected MSPs were considered.7 Pul-
sars residing within globular clusters, as well as those
lacking distance measurements, were both excluded,
leaving 66 MSPs in our sample.
The luminosities of Galactic MSPs often have large un-
certainties because accurate distance measurement is dif-
ficult. Distance measurements based on dispersion mea-
sure suggest that for roughly 75% of the directions in
the sky the accuracy is no better than a factor of 1.5 to 2
(Schnitzeler 2012). We compare luminosities calculated
with distances from 2PC and from the Australian Tele-
scope National Facility Pulsar Catalog (ATNF; Manch-
ester et al. 2005)8 in Figure 1.
3.2. Incompleteness Correction
As a first step towards constructing the Galactic MSP
LF we perform a Monte Carlo (MC) incompleteness cor-
rection and apply it to our MSP sample. In our model,
we assume an exponential spatial distribution for MSPs
5 MSPs with larger kick velocities would attain higher-
eccentricity orbits and this may provide a means to constrain the
mass profile of dSphs beyond the radii of their normal stellar pop-
ulations.
6 https://www.slac.stanford.edu/exp/glast/groups/canda/
lat_Performance.htm
7 https://confluence.slac.stanford.edu/display/GLAMCOG/
Public+List+of+LAT-Detected+Gamma-Ray+Pulsars
8 http://www.atnf.csiro.au/people/pulsar/psrcat/
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Fig. 1.— Left : Luminosity (0.1–100 GeV) distribution of LAT detected MSPs calculated for 2PC and ATNF reported distances. Right :
Estimated LAT survey completeness fraction as a function of γ-ray luminosity (0.1–100 GeV). The red curve and gray band indicate the
median and inner 68% interval of the completeness fraction across the MC realizations.
in the MW disk:
ρ(R, z) ∝ e(−R/R0)e(−|z|/z0), (1)
where R is the radial distance from the Galactic cen-
ter and z is the vertical scale height above the Galactic
plane. While other authors model the radial distribu-
tion of Galactic MSPs using a Gaussian density profile
(Faucher-Gigue`re & Loeb 2010), Gre´goire & Kno¨dlseder
(2013) find that their results are fairly insensitive to the
selected radial law. We make no attempt to model a
special population of MSPs in the Galactic bulge; our
population of interest is field MSPs.
To account for systematic uncertainties both in the
spatial distribution of Galactic MSPs, as well as the ef-
fective selection function of the LAT pulsar survey, we re-
peat the following MC procedure many times with differ-
ent input parameter sets. First, following the MSP pop-
ulation model of Gre´goire & Kno¨dlseder (2013), we draw
radial and vertical scale lengths from log-normal distribu-
tions defined by R0 = 3
+3
−1 kpc and z0 = 0.6
+0.6
−0.3 kpc, re-
spectively (see their Table 3). Using these scale lengths,
we generate 107 MSPs at random locations consistent
with the spatial distribution of Equation 1 and assum-
ing azimuthal symmetry in Galactocentric coordinates.
We then determine the apparent Galactic coordinates
(l, b) of each MSP as viewed from the Sun’s position at
(R,φ, z) = (8.5 kpc, 0 rad, 20 pc).
Each MSP (l, b) coordinate is mapped to an effective
flux detection threshold using the sensitivity curve in Fig-
ure 17 of 2PC (Abdo et al. 2013), which is expressed as a
function of Galactic latitude. This direction-dependent
flux threshold partially accounts for variations in the in-
tensity of diffuse Galactic emission. We model system-
atic uncertainty in the 2PC selection function by drawing
a direction-dependent flux threshold curve between the
10% and 90% percentile sensitivity range for each real-
ization of the MSP population (sampled from a uniform
distribution). The survey completeness is evaluated as
the number of detectable MSPs at a given luminosity
divided by the total number of simulated MSPs.
After calculating the detection efficiency for 105 sets
of spatial parameters and flux detection thresholds, we
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Fig. 2.— MSP γ-ray luminosity function (0.1–100 GeV) normal-
ized to the stellar mass of the MW. Data points include a incom-
pleteness correction applied to LAT MSP sample assuming 2PC
distances. Error bars correspond to statistical uncertainty associ-
ated with the finite number of LAT-detected MSPs. The shaded
gray band represents the 1σ statistical uncertainty on the broken
power-law fit to these data and dashed gray lines represent the
systematic uncertainty envelope (distances to LAT-detected MSPs,
spatial distribution of Galactic MSPs, and effective selection func-
tion of LAT pulsar catalog). The blue dashed curve represents
the best-fit LF of Hooper & Mohlabeng (2016) normalized to the
cumulative luminosity of our best-fit LF.
arrive at the completeness function shown in Figure 1.
3.3. γ-ray Luminosity Function
We derive the MSP γ-ray LF using a Markov Chain
Monte Carlo (MCMC) assuming a broken power law
parametrization. During the fit, the median incomplete-
ness correction (Section 3.2) is applied to the MSPs in
each luminosity bin of our sample. After determining the
LF posterior, we normalize to unit stellar mass, assum-
ing a MW stellar mass of 7 × 1010M (Malhotra et al.
1996). The resultant LF is shown in Figure 2.
To estimate the systematic uncertainty, we re-fit the
LF pairing luminosities calculated from 2PC and ATNF
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distances with the upper and lower limits of the incom-
pleteness correction. These four bracketing cases estab-
lish the upper and lower systematic envelope on the LF.
At high luminosity, uncertainty on the LF is driven by
the small number of extremely luminous Galactic MSPs,
since the LAT census of such sources is expected to be
largely complete. Systematic uncertainty dominates at
low luminosity, due in part to the large and imperfectly
known incompleteness correction that must be applied.
Our model predicts that the main contribution comes
from MSPs with luminosities ∼ 1033 erg s−1. Both
our incompleteness correction and LF are in reasonable
agreement with Hooper & Mohlabeng (2016); their best-
fit LF for field MSPs peaks around 3 × 1033 erg s−1 in
L2γdN/dLγ .
4. CUMULATIVE MSP EMISSION TOWARDS DSPHS
Our target sample, summarized in Table 1, includes
both spectroscopically confirmed dSphs and recently re-
ported dSph candidates, which we collectively refer to
as “dSphs” for simplicity. Since our model requires the
stellar mass of the host galaxy as an input, we include
only targets with published stellar masses. We first dis-
cuss the emission from MSPs within dSphs, followed by
the MW foreground contribution.
4.1. Internal MSP Emission of dSphs
For each of the 30 dSphs in our sample, we scale the
LF of Galactic MSPs (Section 3.3) to the dSph stellar
mass. The expectation value for the cumulative MSP
luminosity is found by integrating the LF, dN/dLγ :
〈Lγ,MSP〉 = M∗,dSph
M∗,MW
∫ Lmax
Lmin
Lγ
dN
dLγ
dLγ , (2)
where Lmin = 10
31 erg s−1 and Lmax = 1036 erg s−1.
dSphs have small enough stellar populations that the
number of luminous MSPs in a particular dSph may ex-
hibit substantial “shot noise”. To model this effect, we
evaluate the cumulative MSP flux including Poisson fluc-
tuations in the number of MSPs within multiple luminos-
ity intervals. We repeat this process 104 times for each
dSph to construct a PDF of the expected flux. As shown
in Figures 3 and 4, the spread in cumulative MSP flux
for a low stellar mass dSph, such as Segue 1, spans sev-
eral order of magnitude, whereas high stellar mass dSphs,
such as Fornax and Sculptor, have sharply peaked flux
PDFs. The cumulative MSP flux in an ultra-faint dSph
is likely dominated by a handful of luminous sources, but
the relative impact of such statistical variations dimin-
ishes with increasing stellar mass.
4.2. Galactic Foreground MSP Emission
Using the same MW MSP population model discussed
in Section 3.1, we also estimate the probability of con-
fusion due to the chance alignment of foreground MSPs
along the same sightlines to the target dSphs. We be-
gin by randomly drawing luminosities from the best-fit
LF (normalized to the stellar mass of the MW). Next,
the luminosity values are assigned to random MSP lo-
cations within the MW according to the fiducial spatial
model described in Section 3.2. We then compute the
cumulative flux within a 1.◦0 radius (comparable to the
LAT PSF for 1 GeV γ rays) around the location of each
dwarf in our sample. The resulting foreground MSP flux
distributions for four representative dSphs are shown in
Figures 3 and 4.
4.3. Results and Discussion
For each of the 30 dSphs in our sample, we compute
the expectation value and uncertainty on the cumulative
MSP flux by adding in quadrature
1. statistical uncertainty due to the finite number of
LAT-detected Galactic MSPs,
2. systematic uncertainty in the luminosities of Galac-
tic MSPs due to distance uncertainties,
3. systematic uncertainty in the detection efficiency of
Galactic MSPs due to their unknown spatial distri-
bution and the effective flux threshold of the LAT
pulsar catalog, and
4. uncertainty in the stellar mass of the host dSph.
We then compute flux upper limits taking into account
Poisson fluctuations in the number of luminous MSPs
(using the best-fit LF). While stellar mass uncertainty
is dominant for select dSphs, we find that systematic
uncertainty, together with Poisson fluctuations, have the
greatest impact on the predicted signals from both ultra-
faint and classical dSPhs. The results of these calcu-
lations, summarized in Table 1, suggest that high stel-
lar mass dSphs are likely to host modest MSP popula-
tions. Consistent with our initial assumptions, we find
the mean number of predicted MSPs to be higher than
a few in all dSphs where LMXBs or LMXB candidates
have been detected. However, even for the largest clas-
sical dSph, Fornax, the predicted MSP flux > 500 MeV
is 6.0+9.7−4.4 × 10−12 ph cm−2 s−1, which is about an or-
der of magnitude below the typical flux upper limits ob-
tained at high Galactic latitudes after six years of the
LAT survey, ∼ 10−10 ph cm−2 s−1 (Ackermann et al.
2015). Perhaps more importantly, Draco and Ursa Mi-
nor, two classical dSphs with large and well constrained
J-factors (e.g., Geringer-Sameth et al. 2015), have esti-
mated MSP fluxes another order of magnitude fainter
than Fornax. The MSP emission of ultra-faint dSphs,
such as Segue 1, is typically below 10−13 ph cm−2 s−1
and likely beyond the reach of γ-ray telescopes in the
foreseeable future.
To more easily compare γ-ray signals from MSPs and
DM annihilation, in Figure 5 we show the expected MSP
flux versus J-factor for the host dSph. The potential for
confusion is greatest between models with similar γ-ray
spectra, so we consider a DM model that produces a γ-
ray energy flux peaking at ∼ 1 GeV, namely χχ → bb¯
with a DM particle mass of 25 GeV. This DM model is
also compatible with DM interpretations of the Galac-
tic Center excess (e.g., Calore et al. 2015, and references
therein). In addition to being below the current LAT
sensitivity threshold, we predict that MSP emission in
each of the dSphs is also below the annihilation signal ex-
pected from this DM model for an annihilation cross sec-
tion at the thermal relic value 〈σv〉 = 3× 10−26cm3s−1.
Figure 5 also demonstrates that the GeV emission from
MSPs and from DM annihilation follow different scaling
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Fig. 3.— Predicted flux distributions illustrating the effect of Poisson fluctuations (i.e., “shot noise”) in the number of MSPs towards
four representative dSphs. Green histograms represent the contribution from MSPs within each dSph, and blue histograms represent the
contribution from MW foreground MSPs along the same line of sight (integrated within a 1.◦ radius of the dSph location). Bins labeled
“underflow” represent the fraction of realizations without a MSP flux contribution (no MSPs with L0.1−100 GeV > 1031 erg s−1). For
comparison, the dashed black vertical line indicates the typical LAT sensitivity at high Galactic latitudes (2σ upper limit).
relations across the dSph population. The targets with
the largest J-factors are mainly nearby ultra-faint dSphs
with M∗ < 104M, whereas we argue that dSphs with
M∗ ∼ 107M are most likely to host detectable γ-ray
MSP populations. This distinction offers another means
to distinguish a putative DM signal from conventional
astrophysical sources (e.g., using a joint-likelihood anal-
ysis).
We find that Galactic foreground MSP emission is po-
tentially a non-negligible source of confusion for a small
fraction of dSphs, even at the current LAT sensitivity.
However, for a typical target, there is no foreground MSP
with luminosity exceeding L0.1−100 GeV = 1031 erg s−1
in ≈ 90% of model realizations. For dSphs with M∗ >
104M, the contribution from MSPs within the dSph is
predicted to exceed the foreground in most cases (e.g.,
Fornax, Sculptor, Draco). Otherwise, the MSP emis-
sion internal the dSph is likely to be sub-dominant (e.g.,
Segue 1). Several LAT analyses have already employed
empirical background modeling methods to partially ac-
count for sub-threshold point sources coincident with
dSphs (e.g., Geringer-Sameth & Koushiappas 2011; Ack-
ermann et al. 2014; Carlson et al. 2015).
5. COSMIC-RAY INDUCED EMISSION IN DSPHS
The non-thermal emission in dSphs related to CR in-
teractions is highly uncertain due to our present lack of
knowledge regarding the acceleration and confinement of
CRs in such environments. Still, it is possible to obtain
an estimate using the quasi-linear scaling relation be-
tween γ-ray luminosity and tracers of the star formation
rate (SFR; Ackermann et al. 2012). Considering the most
massive dSph, Fornax (SFR ∼ 10−4 M yr−1; de Boer et
al. 2012), and using the SMC as the nearest point of com-
parison with L0.1−100 GeV ∼ 1×1037 erg s−1 and SFR ∼
10−1 M yr−1 (Harris & Zaritsky 2004), the predicted
CR-induced luminosity of Fornax is L0.1−100 GeV ∼ 1 ×
1034 erg s−1. This estimate is comparable to the ex-
pected MSP luminosity, but should be regarded as an
upper limit considering the low gas content of dSphs
(MHI/M∗ . 10−2; Spekkens et al. 2014) compared to
the SMC (MHI/M∗ ∼ 1; McConnachie 2012).
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Fig. 4.— Same as Figure 3, but representing predicted MSP flux distributions with complementary cumulative distribution functions.
In addition, the interval between CR acceleration
events in dSphs might be comparable to the CR con-
finement time, in which case the CR population may not
reach an equilibrium state. Following Conroy & Bullock
(2015), the rates of core-collapse and type Ia supernovae
for a galaxy with a constant SFR are ≈ 10−2 yr−1 and
≈ 10−13 yr−1 M−1 , respectively. Applying these rates
to Fornax (M∗ ≈ 2 × 107 M; McConnachie 2012), the
expected supernova rate is ∼ 1 Myr−1. By comparison,
the CR confinement time in the (much larger) MW at
GeV energies is ∼ 107 yr. Chen et al. (2016) proposed
that afterglows from tidal disruption events might also
enhance γ-ray emission in dSphs, although the duty cycle
of such events is likely to be low.
6. CONCLUSIONS
dSphs have commonly been regarded as astrophysi-
cally “clean” targets for which the detection of excess
γ rays would constitute compelling evidence for parti-
cle DM. However, conventional astrophysical emission
must be present at some level, and in this Letter we pre-
dict the contribution from MSPs. Under the assumption
that MSPs in both the MW disk and in dSphs originate
mainly from primordial binary systems (in contrast with
globular clusters), we scale the LF of Galactic MSPs to
the stellar masses of dSphs to quantify their MSP popu-
lations.
We estimate that MSP emission within the highest
stellar mass dSphs, Fornax and Sculptor, is a factor ∼ 10
below the current LAT sensitivity threshold (Figure 5).
The MSP emission within ultra-faint dSphs (including
targets with the largest J-factors) is several orders of
magnitude lower. Moreover, for a DM particle of mass
25 GeV annihilating to b quarks at the thermal relic cross
section (consistent with DM interpretations of the Galac-
tic Center excess), the expected γ-ray emission due to
DM exceeds that of the MSP population in all of the
dSphs considered here. At the current LAT sensitivity,
the more likely source of confusion is a Galactic fore-
ground MSP along the same line of sight, although the
probability of this alignment is typically . 10% per tar-
get dSph (Figure 4).
The LAT sensitivity to DM annihilation in dSphs is an-
ticipated to improve by nearly an order of magnitude over
the coming decade due to increasing LAT exposure, more
precise J-factor measurements from deep spectroscopy,
and additional dSph targets discovered in optical sur-
veys such as LSST (Charles et al. 2016). These forecasts
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Fig. 5.— Expected γ-ray flux versus J-factor. Blue points indicate expectation values for the predicted MSP emission in 30 MW dSphs
and dSph candidates. Blue vertical error bars show 3σ upper limits on the predicted flux due to Poisson fluctuations alone. Additional
uncertainty is attributed to uncertainty on the LF of MW MSPs (see Section 4.3). This contribution spans the same logarithmic interval
for all targets due to the assumed linear scaling with stellar mass, and is represented by the rightmost set of black error bars. J-factor
uncertainties are shown for kinematically confirmed dSphs only. The predicted strengths of the MSP and DM annihilation (red line) signals
have different dependence on the J-factor. This distinction offers another means to distinguish a putative DM signal from conventional
astrophysical sources (e.g., using a joint-likelihood analysis). The gray shaded band represents the typical 2σ upper limit derived in high
Galactic latitude blank fields after 6 years of the LAT survey. The red curve represents a DM annihilation model that is consistent with
both DM interpretations of the Galactic Center Excess and the characteristic spectral shape of MSPs.
are based on a combined likelihood analysis weighting
dSphs by their J-factors, as appropriate for DM searches.
Since we do not expect that many nearby and high stel-
lar mass dSphs remain to be discovered, the sensitivity
to the MSP contribution may not improve as quickly as
for DM signals.
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